OBJECTIVES: The aim of this study was to estimate the prevalence of diabetes, impaired glucose tolerance (IGT), and impaired fasting glucose (IFG) in first-degree relatives (FDR) of people with type 2 diabetes mellitus. METHODS: A cross-sectional study of FDR of type 2 diabetes patients was conducted between 2003 and 2005. A total of 2,368 FDR of type 2 diabetes outpatients aged 30-60 years (614 men and 1754 women) from Isfahan Endocrine and Metabolism Research Center (Iran) were examined. All subjects underwent a standard 75 g 2-h oral glucose tolerance test (OGTT). IGT, IFG and type 2 diabetes were diagnosed according to the criteria of the American Diabetes Association (ADA). The mean (SD) age of participants was 43.1 (6.9) years. RESULTS: The prevalence of type 2 diabetes, IGT and IFG were 10.3% (95% CI: 9.1-11.5), 19.5% (17.9-21.1) and 17.3% (15.8-18.8) respectively. The prevalence rates were significantly higher than those reported for a control population of the same age (type 2 diabetes, 6.0% (95% CI: 5.7-6.2) and IGT 9.6 (95% CI: 9.3-9.9)). IGT was more frequent among women (OR: 0.66; 95% CI: 0.51-0.87), whereas diabetes (OR: 1.31; 95% CI: 0.96-1.78) and IFG (OR: 1.41; 95% CI: 1.10-1.80) were higher in men. Multivariate analysis revealed that age and obesity or abdominal obesity were significantly associated with diabetes, IGT and IFG. CONCLUSIONS: FDR of people with type 2 diabetes in Iran are at higher risk of IGT and type 2 diabetes than the population at large. Risk increases with age and obesity. These findings may be useful for the identification of persons at risk of developing type 2 diabetes and strongly support the regular screening of FDR of type 2 diabetes patients.
Introduction ype 2 diabetes mellitus is an important public health problem worldwide, and its prevalence is increasing in both developed and developing nations [1] . Family members of people with diabetes are at higher risk of developing diabetes [2] [3] [4] [5] . The inheritance pattern is, however, unclear. Though a series of candidate genes has been investigated, none have been identified that contribute significantly to the development of the disease. None of the susceptible genes that have been identified to date causes diabetes in the absence of other genetic or environmental contributing factors, which is consistent with a multifactorial or polygenic origin for this disorder. Although genetic factors play a key role in the development of type 2 diabetes, in the vast majority of patients, diabetes is brought about by a combination of genetic and environmental factors. Familial clustering of diabetes may support a genetic predisposition to diabetes. With the increasing prevalence of diabetes mellitus worldwide [1] the number of first-degree relatives (FDR) of people with type 2 diabetes, and thus an increased risk of developing diabetes, will also increase, which means that identifying risk factors associated with susceptibility to diabetes becomes increasingly important. While much is known about the impact of diabetes on FDR in developed nations, few studies have been undertaken in developing nations and none in Iran. Genetic and environmental exposures, as well as the availability of medical care, are different in Iran and the study of these factors is worthwhile. Accurate information regarding the prevalence of diabetes, IGT, IFG and associated risk factors in FDR of people with diabetes is important to gain a better understanding of the etiology of the disease and, if possible, to prevent or delay its progression and complications in developing countries.
The objective of this study was to estimate the prevalence of diabetes, impaired fasting glucose (IFG) and impaired glucose tolerance (IGT) in FDR of people with type 2 diabetes mellitus and to conduct a preliminary investigation of the determinants of diabetes, IGT and IFG in FDR of patients with type 2 diabetes.
Subjects and methods
Our sample contained 2,368 FDR (614 men and 1754 women) from a consecutive sample of patients with type 2 diabetes attending outpatient clinics at the Isfahan Endocrine and Metabolism Research Center, which is part of the Isfahan University of Medical Sciences, Iran. The sample of FDR was recruited between 2003 and 2005. The tenets of the Declaration of Helsinki were followed, institutional ethical committee approval was granted, and a declaration of informed consent was signed by each participant.
The FDR of patients with type 2 diabetes included siblings or children. They reported to the clinics in the morning after an overnight fast. Subjects were asked to abstain from vigorous exercise in the evening and morning before examination. Smokers were encouraged to abstain from smoking in the morning of the investigations. On arrival in the clinic, the information on family history in the questionnaire completed by FDR was verified first. Then height and weight were measured using standard apparatus with subjects in light clothes and without shoes. Weight was measured to the nearest 0.1 kg on a calibrated beam scale. Height, waist and hip circumference were measured to the nearest 0.5 cm with a measuring tape. Waist was measured midway between the lower rib margin and the iliac-crest at the end of a gentle expiration. Hip circumference was measured over the greater trochanters directly over the underwear. Body mass index (BMI, kg/m 2 ) is recognized as the measure of overall obesity. Normal BMI was defined as BMI < 25, overweight as BMI 25-29.99, and obesity as BMI ≥ 30. A waist-tohip ratio (WHR) of <0.8 in women and <0.95 in men was considered normal. Resting blood pressure (BP) was measured after subjects had been seated for 10 minutes by using a mercury sphygmomanometer and appropriately sized cuffs, using standard techniques. Those FDR with fasting plasma glucose (FPG) ≥ 200 mg/dl were considered to be diabetic. If FPG was ≥126 and <200 mg/dl, a second FPG was measured on another day. If the second FPG was also ≥126 mg/dl, participants were considered to be diabetic. Subjects with FPG < 126 mg/dl underwent a standard oral glucose tolerance test (OGTT) according to ADA criteria (75 g glucose 2-h) [6] . Venous blood was sampled 0, 30, 60, and 120 min. after oral glucose administration. Plasma samples obtained after centrifugation were analyzed on the same day. FPG ≥ 126 mg/dl or 2-h plasma glucose of ≥200 mg/dl defined diabetes mellitus. IGT was defined as FPG < 126 mg/dl, and 2-h plasma glucose concentration ≥140 mg/dl and <200 mg/dl. A FPG within the range of 100 to 126 mg/dl and 2-h plasma glucose <140 mg/dl were considered to indicate IFG, whereas a FPG below 100 mg/dl and 2-h plasma glucose <140 mg/dl were considered to be signs of normal glucose tolerance [6, 7] .
Glycosylated hemoglobin (HbA1c) (measured by ion-exchange chromatography and used as an indicator of diabetic control), total cholesterol, triglyceride, highdensity lipoprotein (HDL) cholesterol (measured using standardized procedures), and low-density lipoprotein (LDL) cholesterol (calculated by the Friedewald equation [8] provided total triglycerides did not exceed 400 mg/dl) were assessed. All the blood sampling procedures were performed in the central laboratory of the Isfahan Endocrine and Metabolism Research Center using an enzyme-linked method.
Statistical analysis
Statistical methods used included Student's t-test, chi squared test and stepwise binary logistic regression. Age-adjusted means were calculated and compared using general linear models. Multiple logistic regressions were carried out with the SPSS for Windows (SPSS Inc., Chicago, IL, USA) to obtain the odds ratio (OR), accompanied by 95% confidence intervals (CI). We considered the following covariates in the multivariateadjusted analyses: age, gender, BMI, waist circumference (WC), triglyceride, LDL, HDL, total cholesterol and systolic and diastolic BP. Adjustments for age were examined in separate models. Prevalence rates of diabetes, IGT and IFG were age-adjusted, using the direct method of adjustment, within the WHO world standard population [9] . All tests for statistical significance were two-tailed, with the level of significance at p < 0.05.
Results

Subject characteristics
Differences in the distribution of risk factors among 614 male and 1754 female FDR of people with type 2 diabetes are shown in Table 1 . Women had lower waist circumference, height and weight, WHR, FPG, 30 and 60 minutes plasma glucose, triglyceride and BP and were younger than men. Men had lower BMI, hip circumference, 2-hour plasma glucose, HDL and LDL than women.
Prevalence
Of the 2,368 FDR of people with type 2 diabetes (614 men and 1754 women), 1261 had normal OGTT (317 men and 944 women), 243 had diabetes (78 men and 165 women), 458 had IGT (86 men and 372 women) and 406 had IFG (132 men and 274 women). 51.6% of the men and 53.8% of women had normal OGTT. Nearly half of FDR aged 30-60 years were diabetic or had impaired glucose regulation (48.4%). The overall prevalence of diabetes was 10.3% (95% CI: 9.0-11.5). The prevalence of IGT and IFG were 19.3% (95% CI: 17.8-20.9) and 17.2% (95% CI: 15.6, 18.7) respectively. The prevalence of diabetes was higher in men (12.9%; 95% CI: 10.1-15.4) than women (9.4%; 95% CI: 8.1-10.9). The prevalence of IFG was also higher in men (21.7%; 95% CI: 18.3-24.8) than women (15.8%; 95% CI: 13.9-17.3), whereas prevalence of IGT was higher in women (21.4%; 95% CI: 19.3-23.1) than men (14.0%; 95% CI: 11.3-16.8). The prevalence of type 2 diabetes and IGT were significantly higher than those reported for the general population (type 2 diabetes, 6.0% (95% CI: 5.7-6.2) and IGT 9.6 (95% CI: 9.3-9.9) ( Table 2 ). As expected, there was a statistically increasing prevalence of diabetes and IGT with increasing age. When age was adjusted to the WHO world standard population, the age-adjusted prevalence rates of diabetes, IGT and IFG were 10.6%, 19.6% and 17.2% respectively.
Risk factors
To determine the influence of potential factors on diabetes, IGT and IFG, univariate analysis was first performed ( Table 3) . Age-adjusted OR showed that subjects who had diabetes were more likely to be men, to be older and to have higher systolic and diastolic BP, total cholesterol, LDL and HDL cholesterol, triglyceride, BMI, WC and WHR. Those who had IGT were more likely to be women, to be older and to have higher total and HDL cholesterol, BMI and WC. For all variables, there was a fairly consistent 'dose response' across the range of values. For example, the prevalence of diabetes and IGT was higher in older age groups, amongst those with higher cholesterol, BMI and abdominal obesity.
To determine the independent predictors of the prevalence of diabetes, IGT and IFG a forward stepwise binary logistic regression was performed to test 10 predictor variables: age, systolic and diastolic BP, total cholesterol, HDL and LDL cholesterol, triglyceride, BMI, WC, all included as continuous variables, and gender. 267 subjects were excluded from these analyses because of missing information on risk factors, leaving 2101 subjects to be analyzed. Three separate models were computed for diabetes, IGT and IFG (Table 4 ). Older age, higher WC, higher cholesterol, higher triglyceride and systolic BP significantly increased the risk of diabetes. For the IGT group, age, cholesterol and BMI significantly increased the risk of IGT. Age, WC and HDL significantly increased the risk of IFG. No other variables were significant.
Discussion
In this cross-sectional study, FDR of patients with type 2 diabetes show increased prevalence of type 2 diabetes, IGT and IFG. In most cases, this is accompanied by unfavorable BMI, WC and lipid profile. Prevalence rates of type 2 diabetes in general populations in various studies from around the world show considerable variations. A comparison between these studies is difficult because estimates of prevalence of abnormal glucose tolerance depend on methodological factors and the applied definition of diabetes, the IGT and IFG used, as well as the composition of the community examined by age and gender.
The prevalence of diabetes in the general population of Tehran over 30 years old was 7.2% (7.6% women and 7.1% men) [10] . Primary results of the national program for the prevention and control of type 2 diabetes showed that 3.6% (4.3% women and 2.6% men) of the general population of Iran aged 30 years and over had diabetes [11] . The prevalence of diabetes in the general population over 20 years old in central Iran was 5.4% and 7.1% in men and women and 6.7% and 5.3% in urban and rural areas respectively [12] . The prevalence of IGT was 3.7% and 6.2% in men and women and that of IFG was 0.4% and 0.5% in men and women respectively in the general population [12] . The International Diabetes Federation estimated that 6.0% of the general population of Iran aged 20-79 years had diabetes and 7.7% had IGT [13] . Recently, the National Survey of Risk Factors for Non-Communicable Diseases of Iran estimated that 7.7% of adults aged 24-64 had diabetes and 16.8% of Iranian adults had IFG [14] . Diabetes prevalence varied from 1.3% in rural areas to 14.5% in large cities.
In European societies, the prevalence of ageadjusted type 2 diabetes in people over 25 years of age is 3% to 10% [15] . The prevalence of diabetes in the US is approximately 7% [16] . The prevalence of diabetes and IGT in FDR of people with type 2 diabetes, 10.3% and 19.5%, as reported in this study, are considerably higher than they are in the general population and require serious consideration since diabetes is a debilitating chronic disease.
Type 2 diabetes appears to have strong genetic associations. Studies in twins have demonstrated that concordance rates for type 2 diabetes in monozygotic twins range between 34% and 83% [17] . The broad range of observed correlations suggests both a complex genetic predisposition and an interaction between genetic and environmental factors in the pathogenesis Table 4 . Risk factors related to prevalence of diabetes, impaired glucose tolerance and impaired fasting glucose for first-degree relatives of patients with type 2 diabetes (multiple logistic regression analysis) of type 2 diabetes. People who have one FDR suffering from diabetes have a 40% risk of having this disease. If diabetes is present in both parents, this risk is doubled [18] .
The present study found a higher prevalence of type 2 diabetes and IFG in men and a higher prevalence of IGT in women in a way that is consistent with previous studies [19] [20] [21] [22] [23] [24] [25] . The potential reason or reasons for this gender difference in glucose metabolism has not been explored, but some studies suggest that female sex hormones may contribute [26] [27] [28] [29] [30] , while others failed to see any effect on glucose metabolism [31] [32] [33] .
The excess risk of diabetes and IGT associated with FDR of patients with type 2 diabetes was amplified in the presence of overweight and obesity. Obesity is associated with type 2 diabetes in the general population. However, our findings confirm this association in FDR of people with type 2 diabetes. The FDR of people with type 2 diabetes who were overweight or obese were at much higher risk of diabetes and IGT than non-obese relatives. Several studies have shown that measures of obesity show strong heritability [34] . This suggests that genetic factors besides lifestyle, obesity and dyslipidemia may be among the risk factors for diabetes and IGT.
Another finding that requires further elaboration is the high prevalence of diabetes and IGT in the high cholesterol group. This is most likely because diabetes and IGT are associated with a higher prevalence of additional cardiovascular risk factors, which collectively result in a high risk profile. Aggregation of multiple risk factors, including obesity, high BP and hyperlipidemia, has been shown to increase the development of coronary heart disease [35] . It seems that diabetes and IGT tend to coexist with other cardiovascular risk factors. The lipid and lipoprotein disturbances are most likely related to the impaired glucose metabolism. Indeed, insulin resistance seems to play a major role in dyslipidemia in subjects with both normal and abnormal glucose tolerance [36] , and appears to be the common element accounting for the cluster of atherogenic metabolic abnormalities found in the metabolic syndrome (IGT, hypertension and dyslipidemia), which confers a high risk for cardiovascular disease [36] .
Our study has several strengths and limitations. The strengths include the large sample consisting of both men and women, the sound representativeness of the FDR of people with type 2 diabetes, and information on potential determinants of impaired glucose regulation. As a cross-sectional study, the present analysis is limited in its ability to elucidate causal relationships between risk factors and diabetes, IGT and IFG. Another limitation was that study participants were aged 30-60 years, and results may not apply to the broader age groups. Despite the above limitations, the findings here add to our understanding of the prevalence and risk factors of diabetes, IGT and IFG in FDR of people with type 2 diabetes in Iran. Furthermore, this study provides new data from Iran, a developing country that has been underrepresented in past studies.
In summary, the findings of this study illustrate for the first time the prevalence of diabetes, IGT and IFG in FDR of patients with type 2 diabetes in Iran. Our results emphasize the importance of controlling for all known diabetes risk factors, especially overweight and obesity, in FDR of people with type 2 diabetes. These findings may prove useful in identifying a specific subset of the population at particular risk of developing metabolic disturbances known to predispose to cardiovascular disease and strongly support the regular screening of FDR of patients with type 2 diabetes.
